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SUMMARY 

I n  t h e  combust ion-conductometric method t h e  smallest detect  i b l e  quant i ty  
of carbon i s  l imited by e r rors  introduced by a spurious carbon blank. A l s o ,  
t h e  accuracy of t h e  method f o r  re f rac tory  metals i s  unknown since quant i ta t ive  
ca l ibra t ion  is  based on recoveries of carbon from s t e e l  samples or on organic 
compounds. Studies of t h e  control  of these  possible sources of e r r o r  resul ted 
i n  es tabl ishing conditions whereby carbon concentrations of 4 ppm may be 
determined with a precision of L-12 percent and an estimated accuracy of L-15 
percent r e l a t i v e .  These conditions appear t o  be d i r e c t l y  applicable t o  other 
metals, including niobium, tantalum, t i t a n i u m ,  zirconium, chromium, and copper 

INTRODUCTION 

Tungsten metal t h a t  has been processed by floating-zone ref ining commonly 
contains l e s s  than 10 p a r t s  per mil l ion (ppm) of carbon by weight. The quan- 
t i t a t i v e  determination of carbon i n  t h i s  mater ia l  i s  of i n t e r e s t  because it 
affords a method f o r  measuring t h e  effectiveness of t h e  pur i f ica t ion  process 
and a l s o  because carbon apparently has an appreciable e f fec t  on t h e  mechanical 
propert ies  of t h e  metal ( r e f .  1). Quant i ta t ive determination of t h e  carbon i n  
t h i s  low range has proved, however, t o  be a d i f f i c u l t  task w i t h  exis t ing 
met hods. 

The combust ion-conduct ometric technique has found wide application as a 
method of analysis  f o r  carbon i n  a v a r i e t y  of metals (refs. 2 t o  8).  T h i s  
method has a l s o  been applied t o  re f rac tory  metals i n  t h e  or ig ina l  or modified 
form. The primary s teps  i n  t h e  method are (1) t h e  combustion or oxidation of 
t h e  sample by inductive heating i n  oxygen, which converts carbon i n  t h e  sample 
t o  carbon dioxide; and ( 2 )  t h e  detect ion of t h e  evolved carbon dioxide by 
measuring t h e  change i n  e l e c t r i c a l  conductivity when carbon dioxide is reacted 
with a d i l u t e  solut ion of barium hydroxide. The change i n  conductivity is  

*This repor t  i s  an expnded version of the a r t i c l e  e n t i t l e d  "Combustion- 
Conductometric Determination of Less Than 1 0  Par t s  per Million Carbon in  Tung- 
sten" by the same authors published i n  Analytical  Chemistry, vol.  36, no. 7, 
June 1964, pp. 1936 t o  1938. 
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re la ted  t o  t h e  carbon content i n  t h e  samples by ca l ibra t ion  with standard 
samples of t h e  material being analyzed. In t h e  case of re f rac tory  metals, 
standard samples a r e  not available.  Calibrations must, therefore,  be based on 
t h e  recovery of carbon from National Bureau of Standards samples f o r  carbon i n  
s t e e l  or from synthesized standards such as organic compounds i n  which t h e  
carbon content is  prec ise ly  known. The v a l i d i t y  of t h e  carbon determination i n  
tungsten i s  therefore  uncertain, because it i s  based on t h e  assumption t h a t  
carbon i s  quant i ta t ive ly  evolved from t h e  sample under experimental conditions. 
A second l imi ta t ion  of t h e  method i s  t h e  i n a b i l i t y  of t h e  detector  to d i s t i n -  
guish between t h e  s igna l  due t o  t h e  carbon dioxide from t h e  sample and t h a t  
a r i s i n g  from sources other than t h e  sample ( i . e . ,  t h e  "blank"). The lower l i m i t  
of detection for carbon i n  t h i s  procedure i s  determined by t h e  var ia t ion  of 
t h i s  blank, which makes t h e  precise  determination of carbon below 10 ppm par- 
t i c u l a r l y  d i f f i c u l t  . 

The purposes of t h i s  invest igat ion were t o  achieve improved precision at 
t h e  lower carbon concentrations and, i n  addition, t o  prove t h e  accuracy of t h e  
method when applied t o  re f rac tory  metals, p a r t i c u l a r l y  tungsten. The oxidation 
s tep  was investigated, and a new combustion technique i s  recommended. The 
precision and accuracy a r e  reported, and t h e  resu l tan t  a n a l y t i c a l  procedure i s  
outlined i n  d e t a i l .  

E X P E R m A L  PROCEDURE 

Effect of Additive Materials on Blank 

A major par t  of t h e  blank or iginates  from mater ia ls  such as iron, t i n ,  
lead, and copper (refs. 2, 5, 6, and 7) ,  which are introduced i n t o  t h e  crucible  
with t h e  sample t o  promote coupling w i t h  t h e  high-frequency f i e l d  and t o  a i d  i n  
t h e  formation of a l e s s  viscous mixture. In many cases t h e  use of addi t ive 
materials i s  highly desirable,  if  not essent ia l ,  i n  achieving quant i ta t ive  
l i b e r a t i o n  of carbon from t h e  sample metal ( re f .  9 ) .  
as 10 ppm, however, t h e  e r rors  introduced by var iable  amounts of carbon con- 
t r i b u t e d  by t h e  addi t ive l i m i t  t h e  precision of t h e  method. Experiments w e r e  
conducted t o  obtain d e f i n i t i v e  data  on t h e  l imi ta t ion  imposed by a v a r i e t y  of 
t y p i c a l  additives alone. The l imi ta t ions  of t h e  instrument i t s e l f  i n  t h i s  
respect would be indicat ive of t h e  ult imate detect ion l i m i t  for carbon by t h i s  
procedure. 

A t  concentrations as l o w  

Table I i s  a compilation of r e s u l t s  from experiments for various addi t ive 
of carbon) repre- materials.  Each number i n  t h e  l i n e  labeled Total  blank (pg 

sents  an average of 10 determinations made over a period of 2 days for 
materials  of d i f fe ren t  l o t s .  Determination on i ron chips were made a f t e r  
screening t o  reduce var ia t ion  i n  r e p l i c a t e  runs. I n  these  experiments only t h a t  
mater ia l  retained on 10 mesh w a s  used. Results are a l s o  shown f o r  commercially 
avai lable  t i n  granules and t i n  capsules and for low-carbon, e l e c t r o l f l i c  iron. 
Finally,  t h e  apparatus blank was  determined by heating a quartz-enclosed 
graphi te  susceptor (Laboratory Equipment Corp. No. 550-182) t o  approximately 
1200° C t o  simulate heating of t h e  sample. 
blank, pg of carbon, and Standard deviation, pg of carbon, were obtained f o r  

Da ta  i n  t h e  l i n e s  labeled Total  
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TABLE I. - COMPARISON O F  BLANK LEVELS WITH AND WITHOUT ADDITIVE 

7 '  

19.2, 11 .34 .9 ,  

1.1, 

3.3 t o  8 . 1  

Tota l  blank, 
pg of carbon 

Standard 
deviationa, 
Wg of carbon 

L i m i t s  of 
detect  ion per 
gram sample, ppm 
(range of 3sa) 

3.7, 4.3, 2 .8  

2.71.3,  2.0, 1.8, 1.5 

3.8 t o  6 
( 1 . 7  t o  3. O C )  

Additive material 

Iron chips 
s c r  eenedb, 

I g  

Lot designation 

12.3, 10.8 

3.7, 2.4 

7.2 t o  8 . 1  

3T 2.5 4.0 

12.0, 15.7 

3.0, 6.0 

9.0 t o  18.C 4.2 t o  12.0 

as = g, where n i s  number of 

bLaboratory Equipment Corporation. 
'Based on 2-g sample. 

average. 

5 1 6  

Ser ies  
of 

Elect ro- apparatus 
l y t i c  iron, blanks 

(d i rec t  - 
combustion) 

t e s t s  and d is t h e  deviat ion of a t e s t  from t h e  

an operation cycle consisting of 2 minutes of heating and 6 minutes of f lush-  
ing. The data  i n  these l i n e s  show t h e  magnitude of t h e  average blank and t h e  
s t a t i s t i c a l  var ia t ion  associated w i t h  these determinations. These values rep- 
resent a n  undesirable s igna l  a t  t h e  detector,  which tends t o  mask t h e  detect ion 
of carbon recovered from a sample such as high-purity tungsten. The values i n  
t h e  las t  l i n e  a r e  t h e  limits of detection i n  ppm of carbon f o r  t h e  addi t ives  
l i s t e d .  These values were determined by a r b i t r a r i l y  es tabl ishing t h e  l i m i t  a t  
t h r e e  times t h e  standard deviation t o  represent t h e  95-percent confidence level.  
The las t  f igure  i n  t h i s  l i n e  a l s o  shows t h e  r e s u l t s  f o r  a 2-gram sample, s ince 
t h i s  weight i s  t h e  minimum recommended f o r  t h e  d i r e c t  combustion of tungsten. 

A conclusion drawn from t h e  data  i s  t h a t  a s ignif icant  source of e r r o r  i n  

Observations a l s o  indicated t h a t  t he  presence of i ron  i n  the  cruci-  
t h e  determination a t  low carbon concentrations is  t h e  carbon content of t h e  
additive.  
b l e  was unnecessary i n  achieving quant i ta t ive  evolution of carbon from tung- 
sten, s ince l i t t l e  or no intermetal l ic  react ion occurs. 

When i ron  chips were fused i n  an induction furnace i n  t h e  presence of 
tungsten metal, unreacted tungsten chips were formed i n t o  an agglomerate, 
apparently by t h e  s t i r r i n g  e f fec t  of t h e  high-frequency f i e l d .  This occur- 
ranee has been observed by other  investigators,  such as Huber and Chase 
( r e f .  7), who recommend t h e  crushing and o p t i c a l  examination of t h e  fused 
sample f o r  unreacted metal. 
cedure alone d isc lose  t h e  presence of unreacted tungsten. 

In  t h e  present work, r a r e l y  would a crushing pro- 
Careful sectioning 
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of t h e  crucibles,  however, showed t h a t  i n  about 80 percent of t h e  fusions t h e  
tungsten metal could be found in t ac t  ( f ig .  1 shows one such example). It 

(a) Fused tungsten plus i ron  additive. (b) Fused tungsten, d i rect-combust ion. 

Figure 1. - Cross sections of refractory crucibles used for combustion of tungsten samples (with and without an additive). Note agglomerate 
of unreacted tungsten in (a). 

appeared t h a t  t h e  elimination of a l l  addi t ives  t o  t h e  crucible  by heating t h e  
sample d i r e c t l y  would not only simplify t h e  operation, but would be a major 
s t ep  toward achieving a reproducible blank and, therefore,  a lower detect  ion 
l i m i t  f o r  carbon. The l a t t e r  w a s  achieved by optimizing conditions f o r  com- 
p l e t e l y  oxidizing tungsten metal by direct-combustion. 

Direct -Combust ion of Tungsten by Induction Heating 

The thermodynamics f o r  oxide formation of tungsten and other r e f r ac to ry  
metals appear t o  make these  metals espec ia l ly  adaptable t o  combustion methods. 
Although tungsten metal w a s  r ead i ly  converted t o  tungs t ic  oxide i n  a res i s tance  
furnace, t h e  time required f o r  complete oxidation did not permit t h e  attainment 
of as l o w  a blank as w a s  possible  by rapid oxidation i n  an induction furnace. 

Attempts t o  reduce t h e  blank l e v e l  by ca re fu l  se lec t ion  of f luxes  with 
espec ia l ly  l o w  carbon contents have been reported. The method of reference 6 
reduces contamination from t h i s  source by prefusing an e l e c t r o l y t i c  i ron  bath 
i n  a helium atmosphere. 
these  conditions i s  l i be ra t ed  by combining with t h e  oxygen i n  t h e  i ron  t o  form 
carbon dioxide. This method was successful i n  reducing t h e  res idua l  carbon 
f r o m  t h e  i ron  t o  a negl ig ib le  amount. The procedure requires  s l i g h t  modifica- 
t i o n s  of t h e  standard instruments and introduces an operation t h a t  would be 

Reference 6 suggests t h a t  t h e  res idua l  carbon under 
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unnecessary if conditions f o r  d i r e c t l y  heating t h e  specimen could be devised 
(e.g., as i n  an induction furnace).  

1.2 
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Providing e f f ec t ive  coupling between t h e  high-frequency f i e l d  and a tung- 
s t en  sample without resor t ing  t o  t h e  use of an addi t ive  requires  considering 
t h e  r e l a t ion  between t h e  physical form of t h e  sample and some pr inc ip les  of 
induction heating. Determinations w e r e  most of ten  required f o r  metal rods of 
1/8- t o  1/4-inch diameter and f o r  metal powders with p a r t i c l e  s i zes  of t h e  
order of 200 mesh. The s m a l l  diameter and r e l a t i v e l y  s m a l l  surface area of t h e  
rods a r e  not conducive t o  e f f i c i en t  induction heating i n  t h e  megacycle fre- 
quency range, which is  based on a skin e f fec t .  Fine powders, while advanta- 
geous with respect t o  oxidation, provide a discontinuous path f o r  high- 
frequency energy and thus are a l so  inef fec t ive  i n  t r ans fe r r ing  t h e  energy. A 
study of t h e  e f f ec t  of p a r t i c l e  s i z e  on heating under these  conditions showed 
t h a t  metal granules s ized between 16 and 80 mesh can be coupled e f fec t ive ly .  
Once the oxidation of tungsten commences, t h e  metal  i s  converted i n t o  a fused 
oxide m a s s  by an exothermic react ion at temperatures above 1450° C. 

,’ 

While t h i s  procedure is  sa t i s f ac to ry  f o r  coarse powders and s o l i d  metals 
t h a t  can be reduced i n  s ize ,  it i s  not amenable t o  f i n e  powders ( i .e . ,  f i n e r  
than 80 mesh). These f i n e  powders w i l l  couple d i r ec t ly ,  however, i f  t he  
p a r t i c l e s  a r e  compacted t o  provide a more continuous path f o r  t h e  high- 
frequency f i e l d .  
blunt ceramic t o o l  and hand pressure. For t h e  majori ty  of as-received powders, 
unfortunately, t h i s  procedure i s  not s u f f i c i e n t l y  reproducible. Several alter- 
nate  methods based on simple forms of a platinum susceptor, however, have been 
successful ly  used for f i n e  powders. 
G. W. Edwards of t h e  Linde Company e n t a i l s  placing a piece of platinum f o i l  i n  
t h e  bottom of t h e  c ruc ib le  and covering it with metal powder. Induction heat- 
ing of t h e  platinum provides su f f i c i en t  heat t o  i n i t i a t e  t h e  oxidation, which 
i s  then self-sustaining.  
0.003 inch th i ck  have been used successfully.  
conditioned by heating i n  t h e  induction furnace. A platinum disk, 1 inch i n  

Ektremely f i n e  powders can be s u f f i c i e n t l y  compacted with a 

A procedure suggested t o  t h e  authors by 

Platinum squares as  s m a l l  a s  1/8 by 1/8 inch and 
The platinum may be readi ly  

0 

/ 

2 

Figure 2 - Determination of blank by 
sample weight variation. 

I 

diameter and 1 /32  inch thick,  w i l l  s imi la r ly  ac t  
as a susceptor when placed under and i n  good 
thermal contact with t h e  crucible,  which contains 
t h e  powder. These disks  a r e  e a s i l y  fabr ica ted  
and can be used indef in i te ly .  

When t h e  combustion procedures described 
herein f o r  metal and powders are used, it is  
possible  t o  reduce the  blank t o  a l e v e l  more 
favorable f o r  t h e  determination of l e s s  than 
10 ppm of carbon i n  tungsten. 

Figure 2 demonstrates t h a t  t he  t o t a l  i n s t ru -  
mental and crucible  blank under these  conditions 
is  e s sen t i a l ly  t h e  same as thslt obtained when t h e  
susceptor described previously i s  used. Sample 
weights from 2 t o  8 grams were oxidized d i r e c t l y  
i n  r e f r ac to ry  crucibles,  and t h e  averages of 
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mult iple  determinations were p lo t t ed  against  sample weight. The extrapolat  ion 
of t h e  p lo t  passes through about 0.15 ohm, which when converted t o  p of car- 
bon with a ca l ib ra t ion  curve i s  i n  agreement with t h a t  obtained f o r  t h e  sus- 
c ept or alone. 

Quant i ta t ive  Recovery of Carbon from High-Purity Tungsten 

The accurate determination of carbon by t h e  combust ion-conductometric pro- 
cedure requires  consideration of (1) t h e  ca l ib ra t ion  of t h e  response of t h e  
conductivity c e l l  t o  absolute amounts of carbon dioxide, and ( 2 )  t h e  determina- 
t i o n  of t h e  f r ac t ion  of t o t a l  carbon evolved from t h e  sample under experimental 
conditions. The ca l ib ra t ion  of t h e  conductivity c e l l  can be accomplished i n  
severa l  ways. 
National Bureau of Standards can be r ead i ly  used f o r  t h i s  purpose ( r e f s .  2, 3, 
6, and 8 ) .  Primary standard organic compounds, such as potassium ac id  
phthalate,  can a l so  be used f o r  ca l ib ra t ion  ( r e f .  10). A s  a matter of con- 
venience, t h e  l a t t e r  approach w a s  used i n  t h i s  work. Although potassium acid 
phthalate  i s  ava i lab le  commercially i n  t i n  capsules, t h e  blank correct ion for 
carbon i n  t i n  may prove t o  be undesirable at t h e  lower concentrations of carbon 
( t a b l e  I, p. 3). Aqueous solut ions of potassium acid phthalate  containing 
100 micrograms of carbon per m i l l i l i t e r  were added d i r e c t l y t o  porous ceramic 
disks  (Laboratory Equipment No. 528-42) and oven dr ied  at 110' C f o r  approxi- 
mately 1 hour. 
g raphi te  susceptor and induct ively heated t o  an estimated 1030° C f o r  2 minutes. 
This heating w a s  followed by a 6-minute f lushing cycle, s ince it had been shown 
t h a t  t h i s  period was required f o r  t h e  s igna l  at t h e  detector  t o  reach a maximum 
plateau. 
i n  f i gu re  3. The extrapolat ion t o  about 0.15 ohm again corresponds t o  t h e  
blanks obtained f o r  t h e  susceptor a.lone and i s  equivalent t o  approximately 
2 ppm of carbon f o r  a sample weighing 2 grams. 

For example, standards f o r  carbon i n  s t e e l  c e r t i f i e d  by t h e  

The dr ied  disks  were placed on top  of a quartz-enclosed 

The ca l ib ra t ion  and precis ion obtained i n  t h i s  procedure a r e  shown 
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Figure 3. - Potassium acid phthlate calibration showing 
micrograms of carbon and relative standard deviation. 

These experiments based on t h e  
oxidation of potassium ac id  phthalate  
provide t h e  bas i s  f o r  t h e  ca l ib ra t ion  
of t h e  conductivity c e l l  but do not 
d i sc lose  t h e  degree of carbon recovery 
from a tungsten sample. Knowing t h e  
degree i s  necessary t o  place t h e  deter-  
mination on a quant i ta t ive  bas i s .  The 
v a l i d i t y  of reporting carbon i n  tung- 
s ten  based on recoveries frm iron, 
s t ee l ,  or organic compounds appeared t o  
warrant fu r the r  tes t ing ,  s ince these  
procedures a r e  based on t h e  assumption 
t h a t  t h e  carbon contents of t h e  m e t a l  
sa,mple and t h e  ca l ib ra t ing  mater ia l  a r e  
t o t  a l l y  evolved. Recovery experiments 
were designed t o  assess  t h e  e f fec t ive-  
ness of t h e  evolution of t r a c e  amounts 
of carbon from tungsten metal, by means 
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r i a l a  I percent 

Stoichi-  Ven- 
lometric 

WC I 6.14 16 .1  
-~ 

f o r  the  purposes of t h e  experiment. The stoichio- 

quant i t ies  of carbon, s ince t h i s  places t h e  quanti- 
f i c a t i o n  on a bas is  t h a t  does not depend on the  

metric value was therefore  used i n  calculat ing 

combustion-gravimetric procedure f o r  determining t h e  
carbon content of tungsten carbides. Weighing 
microgram amounts was f a c i l i t a t e d  by blending t h e  

aPurity, 99.9 percent. powdered carbides with pure tungsten powder contain- 

TABU 11. - RECOVERY OF CARBON BASED ON POTASSIUM ACID 

PKLWALATE ( KHC8H40 4) CALIBRATION 

[Percent deviat ion of 0 .1  ohm i n  blank correction: 
7 at 30 pg of carbon; 2 a t  90 pg of carbon. 1 

:arbor 
idded, 

w 

25 
25 
28 I 

26 
33 
31 
28 
30 
30 
AV . 
46 
47 
57  
67 
74 
74 
80 
Av. 

96 
90 
95 
96 
93 
90 
Av . 

Carbon 
:ecovered, 
percent 
leviat ion 

from 
KHC8H404 

. -  

+28 
0 

+7 
+8 

-12 
+38 
+12 
+3.3 

-13.2 
+8.0 

+11 
+11 
-11 
+10 
+5 

+15 
-9 
+4.6 

+4.2 
+7.2 
+7.4 
+2.1 
+4.4 
+2.7 
+4.3 

Sample 

r2c + zg 

Fe 
NBS 55e: 

!arbor 
dded, 

vg 

24 
26 
28 
31 
35 
42 
46 
53 
56 
64 
AV. 

30 
30 
30 
30 
24 
50 
90 
90 
AV. 

~ 

Carbon 
*ecovered, 
percent 
.eviat ion 

from 

mc8H404 

+24 
+10 

0 
-3 
0 

+12 
+2 

+13 
+11 

+5 
+7.4 

+3.3 
+3.3 
+15.0 

+6.7 
0 

-6.0 
-6.1 
+O. 78 
+2.1 

ing less than 10 ppm of car- 
bon t o  form a mixture con- 
ta in ing  approximately 1 per- 
cent carbon by weight. The 
addi t ional  tungsten added t o  
t h e  crucible  w i t h  t h e  car- 
bides w a s  negl igible  and d id  
not require a correction. 

The experimental pro- 
cedure consisted of adding 
a few milligrams of t h e  
WC-tungsten or  W2C-tungsten 
mixtures d i r e c t l y  t o  a re-  
f r a c t o r y  crucible.  The 
addi t ive w a s  then covered by 
2 grams of t he  tungsten 
base-material, which w a s  
prepared from electron-beam- 
melted tungsten that pro- 
duced a s igna l  of 0 .4  ohm 
f o r  a 2-gram sample. 
Table I1 is a summary of re- 
covery experiment s f o r  
WC and WzC. Data a r e  shown 
f o r  carbon recoveries from 
carbides i n  t h e  presence of 
tungsten metal and oxidized 
by direct-combustion i n  a 
re f rac tory  crucible.  Com- 
parat ive data  a r e  a l s o  shown 
f o r  s m a l l  amounts of a 
standard sample of iron, 
designated by t h e  National 
Bureau of Standards as 55e. 
The amount of carbon recov- 
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ered i n  each of these  experiments w a s  compared with t h e  data on potassium ac id  
phthalate,  and t h e  percentage difference i s  shown. The recoveries from t h e  
carbides were cons is ten t ly  grea te r  than those obtained f o r  t h e  organic compound 
or t h e  standard i ron  sample. The higher percentage deviat ion at t h e  lower 
amounts of carbon suggested a constant systematic error ,  such as might be 
caused by e r ro r s  i n  t h e  blank correct ions of t h e  various experiments. The 
average deviations range from approximately C 4  t o  $. 8 percent for addi t ions of 
carbides representing from 24 to 96 micrograms of carbon. The r e l a t i v e  devia- 
t i o n s  would be expected t o  be somewhat grea te r  f o r  t h e  smaller amounts of car- 
bon normally obtained from samples of pure tungsten. The accuracy of t h e  pro- 
cedure, therefore,  for pure tungsten was estimated at k15 percent r e l a t i v e  at 
a concentrational l e v e l  of 5 ppm. The agreement of t h e  recoveries ( t a b l e  11) 
was sa t i s f ac to ry  and showed t h a t  i n  t h e  d i r ec t  oxidation of tungsten metal and 
i n  t h e  formation of fused oxide t h e  l i be ra t ion  of carbon from t h e  sample was  
v i r t u a l l y  complete. 

RECOMMENDED PROCEDURE 

The per t inent  procedural d e t a i l s  a r e  summarized i n  t a b l e  111. Samples 
obtained as  s o l i d  metal a r e  crushed i n  a hardened s t e e l  mortar u n t i l  t h e  bulk 
of t h e  mater ia l  passes a 16-mesh screen and i s  retained on an 80-mesh screen. 
The small amount of mater ia l  passing t h e  f i n e  screen i s  combined with t h e  

TABLE 111. - CONDITIONS FOR COMBUSTION-CONDUCTOMETRIC 

DETERMINATIONS OF CARBON I N  TUNGSTEN 

Instrumentat ion 

Crucible 

Oxygen flow r a t e  

Elec t ro ly te  

Sample weight 

Sample form 

Susc ept or 

Calibration 

Combust ion  and co l l ec t  ion time 

Laboratory Equipment Corporation 
Model 515 (Furnace no. 521) 

Laboratory Equipment Corporation 
Aluminum oxide (no. 528-25) 

250 t o  300 ml/min 

1 g / l i t e r  Ba(OH)2-8H20 

-4 g (2  t o  8 g )  

Powders - l e s s  than 80 mesh 

Granules - 16 t o  80 mesh (and f i n e s )  

Platinum f o i l  or disks  f o r  powders 

None f o r  granules 

W2C+W mixture 

WC+W mixture 

Potassium ac id  phthalate 

9 min t o t a l  
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sample granules, because carbon segregation may occur. A considerable amount 
of i ron  may be introduced i n t o  t h e  sample during t E i s  operation and w i l l  r e s u l t  
i n  high values f o r  carbon it not completely removed. Removal i s  accomplished 
by digestion i n  1:l hydrochloric acid followed by thorough r insing with w a t e r  
and drying with ether.  
content)  of t h e  prepared sample i s  added t o  a crucible  
ously conditioned by heating i n  flowing oxygen at 900°y C f o r  15 minutes. 
t h e  sample i s  placed i n  t h e  induction furnace, pure oxygen i s  flushed through 
t h e  furnace and conductivity c e l l  f o r  2 minutes t o  divest  t h e  system of carbon 
dioxide, which may be picked up during t h e  loading operation. The furnace i s  
then energized f o r  an 8-minute combustion cycle, although t h e  formation of 
tungs t ic  oxide is  general ly  complete i n  2 minutes (as indicated by t h e  p l a t e  
current meter). The carbon dioxide formed during t h i s  combustion cycle i s  
col lected at  t h e  conductivity c e l l .  R e s i s t i v i t y  readings i n  equivalent ohms 
a r e  taken at a selected period i n  t h e  temperature cycle of t h e  thermostat ical ly  
controlled bath near t h e  end of t h e  col lect ion period. (The instrument used i n  
t h i s  work gave t h e  most reproducible readings 60 seconds a f t e r  completion of a 
heat-on cycle. ) The instrument readings a r e  converted t o  micrograms of carbon 
by using a potassium acid phthalate ca l ibra t ion  curve. 
ca l ibra t ion  and tungsten procedures a r e  t h e  same, it i s  convenient t o  p lo t  a l l  
values as uncorrected. 

Approximately 4 grams ( 2  t o  8 g depending on carbon 
which must be previ- 

Af'ter 

Since blanks f o r  t h e  

DISCUSSION OF RESULTS 

The r e s u l t s  of precision s tudies  on t h e  tungsten-base mater ia l  f o r  two 
commonly used techniques (involving commercial or e l e c t r o l y t i c  i ron addi t ives)  
i n  addition t o  t h e  direct-combustion technique a r e  shown i n  t a b l e  IV. The 

TABLE IT. - COMPARISON OF EFFECTS O F  ADDITIVES ON 

DETERMINATION OF CARBON I N  TUNGSTEN 

Additive 

Commercially prepared 
i ron  chip, 
1 g Fe + 1 g W 

E lec t ro ly t i c  iron, 
l g F e + l g W  

Direct -combust ion 
(no addi t ive) ,  
4 g w  

percent 

2.3 I 55.0 

Carbon 
c onc en- 
t r a t ion ,  

PPm 

4.2 

3.8 

3.5 

carbon content of t h i s  mater ia l  
w a s  approximately 3 ppm by 
means of t h e  recommended pro- 
cedure. The i ron addi t ives  
used i n  these  experiments were 
selected from t h e  l o t s  t h a t  
gave t h e  lowest standard devia- 
t i o n  from t h e  data  i n  t a b l e  I 
(p. 3), and t h e  comparisons, 
therefore,  a r e  more t y p i c a l  of 
intralaborat  ory precision. 
Thus, t h e  method using electro-  
l y t i c  i ron gave s l i g h t l y  b e t t e r  
precision than d id  t h e  d i rec t -  
combustion method. A conclu- 
sion drawn from t h e  da ta  w a s  
t h a t  t h e  m e t  hod employing 
selected e l e c t r o l y t i c  i ron w a s  
comparable t o  t h e  d i rec t -  

combustion method w i t h  both f a l l i n g  i n  t h e  range of-values reported i n  t a b l e  I 
(p. 3) f o r  t he  experiments on t h e  addi t ive alone. It i s  probable t h a t  t h e  re- 
s u l t s  for e l e c t r o l y t i c  i ron would appear l e s s  favorable on an inter laboratory 
basis,  which may be inferred from t h e  spread reported i n  t a b l e  I for t he  
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addi t ive  alone. Comparison of t h e  da ta  i n  t a b l e  IV shows t h a t  t h e  method i s  
blank l imi ted  and t h e  precis ion may be fu r the r  improved by increasing sample 
weights, f o r  example, up t o  8 grams ( f ig .  2, p. 5) f o r  t h e  direct-combustion 
procedure. 

The advantages of performing t h e  determination by t h e  direct-combustion 
method a r e  fu r the r  demonstrated i n  f igu re  4. Carbon determinations were made 
on s ingle-crys ta l  tungsten rod by using both t h e  direct-combustion and t h e  

01 
Relative position along rod 

- 
Original rod 

Figure 4. - Comparison of direct-combustion and iron-additive (electrolytic) methods of deter- 
mining carbon gradient in single-crystal zone-refined tungsten rod Rod diameter, 3/16 inch. 

i ron-addi t ive techniques. The da ta  show t h a t  t h e  direct-combustion procedure 
gives a more s a t  i s f ac to ry  representat ion of t h e  carbon gradient along t h e  rod. 
The d i r e c t  -combust ion method permits determination of carbon i n  tungsten at 
concentrations of approximately 4 ppm with a precis ion of 512 percent and an 
estimated accuracy within *15 percent r e l a t i v e  t o  t h e  t r u e  carbon concentrat ion 
based on recoveries of tungsten carbides from tungsten metal. 

CONCLUDING RENARKS 

The recommended procedure w i l l  provide quant i ta t ive  r e s u l t s  f o r  t h e  
determination of carbon i n  tungsten below 10 ppm within t h e  limits s ta ted .  
Instrument r e l i a b i l i t y ,  however, may vary between labora tor ies .  For t h i s  
reason it i s  important t o  e s t ab l i sh  t h e  l imi t a t ions  of a pa r t i cu la r  instrument. 
Guidelines used i n  t h i s  invest igat ion consis t  of t w o  bas ic  instrumental  checks. 
The va r i a t ion  i n  conductivity of a barium hydroxide solut ion subjected t o  a 
continuous flow of oxygen f o r  a period of 1/2 hour should not exceed 0 .1  ohm. 
Occasionally a continuous d r i f t  i n  t h e  conductivity readings under these  con- 
d i t i ons  has been encountered. 
of l i qu id  i n  t h e  g l a s s  stem of e i t h e r  t h e  reference o r  the  sensing electrode. 
This condition may a r i s e  because of a f a u l t y  s e a l  between t h e  g lass  and t h e  
platinum a t  t h e  t i p  of t h e  g l a s s  envelope. It may be corrected by removing 
t h e  l i q u i d  under vacuum and subsequently seal ing t h e  glass-platinum juncture 
with a bead of epoxide adhesive. 

A common cause f o r  such a d r i f t  i s  t h e  presence 
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The procedure used i n  t h i s  invest igat ion f o r  conditioning t h e  furnace 
p r io r  t o  operation cons is t s  of heating u n t i l  readings f o r  an 8-minute period 
do not exceed 0.3 ohm f o r  mult iple  determinations. 
mined with a quartz-enclosed graphi te  susceptor or t h e  platinum devices 
described previously. 

The blank may be deter-  

Since t h i s  method i s  successful i n  determining t h e  carbon content i n  
tungsten, t h e  extension of t h e  direct-combustion method t o  metals such as 
molybdenum, tantalum, niobium, zirconium, titanium, chromium, and copper i s  
a l so  of i n t e re s t .  
s imi la r  t o  t h a t  described f o r  tungsten. For these  more d u c t i l e  metals, it i s  
of ten necessary t o  provide the  proper s i z e  by cu t t ing  or shearing. 
form up t o  1/16 inch i n  thickness, these  metals couple and oxidize espec ia l ly  
rap id ly  when a sec t ion  i s  placed i n  t h e  bottom of t h e  c ruc ib le  with t h e  sheet 
oriented perpendicular t o  t h e  ax is  of t h e  induction co i l .  Complete oxidation 
i s  observed f o r  molybdenum only if t h e  sublimation of molybdic oxide i s  allowed 
t o  go t o  completion. It appears, therefore ,  t h a t  a spec ia l  trapping device i s  
des i rab le  t o  prevent contamination of t h e  conductometric system by t h e  v o l a t i l e  
oxide. Tantalum, niobium, zirconium, titanium, chromium, and copper undergo 
fusion of t h e  oxides s imi la r  t o  tungsten. Preliminary recovery experiments 
using tantalum carbide and niobium carbide i n  t h e  metals ind ica te  quan t i t a t ive  
recovery of carbon under t h e  conditions described f o r  tungsten. 

These metals w i l l  couple d i r e c t l y  i f  t h e  p a r t i c l e  s i z e  i s  

I n  sheet 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio, May 7, 1964 
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